Background: The wide use of healthy persons as kidney donors calls for awareness of risks associated with donation. Live kidney donation may impair quality of life (QOL) and result in fatigue. Long-term data on these issues are generally lacking in the donor population. Thus we aimed to investigate long-term self-reported health outcomes in a nationwide donor cohort. Methods: We assessed self-reported QOL, fatigue and psychosocial issues after donation in 217 donors representing 63 % of those who donated 8-12 years ago. QOL was measured using the generic Short Form-36 Health Survey (SF-36), fatigue using the Multidimensional Fatigue Inventory (MFI) and psychosocial issues using donor specific questions. For each of the 8 domains of SF-36 and the 5 domains of MFI, we performed generalized linear regression. Results: Donors scored high on QOL with mean scores between 63.9 and 91.4 (scale 1-100) for the 8 subscales. Recognition from family and friends was associated with higher QOL scores in four domains. There were no significant gender differences. Fatigue scores were generally low. Females generally scored higher than males on all five dimensions of fatigue, although significantly only on two. Recipient still alive was associated with lower scores on mental fatigue. Regretting donors scored higher than average on all domains of fatigue. Recipient death, worries about own health and worsened relationship with the recipient influenced willingness to donate in retrospect. Donor age did not affect long-term health outcomes. Conclusions: Eight till 12 years after donation QOL scores were generally high and improved with recogniton from family and friends. Fatigue was independent of donor age and more pronounced in females and in those who regretted donation.
Background
End stage renal disease is an escalating health problem worldwide, with kidney transplantation being the gold standard treatment. Due to the increasing shortage of organs from deceased donors, transplantation with live kidney donor (LKD) has increased by 50 % [1] , and in some countries, more than half of kidney transplants are live donor kidneys. The introduction of laparoscopic donor nephrectomy with a less traumatic surgery has boosted the use of LKD and also allowed for more extensive use of elderly donors. The wide use of healthy persons as kidney donors for the benefit of others calls for awareness to the risks associated with donation. Beyond the surgical and medical risks, there is evidence suggesting that live donation is associated with a decreased donor quality of life (QOL) and increased fatigue [2] [3] [4] .
It seems to be a gender difference in who become live donors, and in several studies female donors outnumber male donors [3, [5] [6] [7] . Tumin and colleagues performed a comparison of QOL between donors and a control group [6] . They found a gender and age difference in scores among the donors and that male donors and donors older than 56 years had higher scores. A study comparing younger and elderly kidney donors showed that LKDs who were older than 60 years at the time of donation recovered faster in terms of QOL than younger donors who did not recover completely in all the domains within one year [8] . Importantly, long-term data on the associations between high donor age or gender differences are lacking.
Various factors other than age have also shown associations with QOL and fatigue post-donation, such as relationship to the recipient, pre-donation expectations, donation-related experience, transplant outcome and support from health professionals, family and friends [2, 3, 9, 10] . Furthermore, positive experiences and perceptions of support seem to be protective, while reduced QOL has been related to fatigue, pain, long recovery time and recipient graft-failure.
Altogether, the knowledge about long-term consequences of donor nephrectomy is sparse because most existing follow-up studies have a shorter time-span than 10 years [9, 11, 12] , a variable time-span [3, 5, 13] , and some have small samples [2, 6, 11, 14] . New data about long-term consequences after donation may provide a better basis for safe expansion of donor selection criteria [4, 15] , informed consent [16, 17] and guidelines for long-term follow-up [18] .
The present study is unique in the sense that this investigation uses a nationwide cohort that has been followed for 8-12 years. The aims were to investigate factors associated with long-term self-reported QOL and fatigue with particular reference to age groups.
Methods
The study was approved by the Regional Medical Research Committee for Health South East of Norway (2011/2595 D) and the hospital's data protection officer. The results are presented in such a way that no individual can be recognized in any publication or presentation of the data. This study was designed to investigate QOL and fatigue in LKDs representing all parts of Norway.
Study design and population
A cross-sectional survey was performed using eligible Norwegian kidney donors (N = 351) who donated a kidney at Oslo University Hospital, the Norwegian transplant center, between 2001-2004. The eligible donors were invited by mail, including one reminder, to participate in the study. The invitation letter included information about the purpose of the study and ensured confidentiality. Figure 1 shows a diagram of the inclusion criteria; 262 donors who agreed to participate were sent the questionnaire booklet, and informed consent to partake in the study was given by the 217 donors who returned the questionnaire.
Questionnaires QOL
To measure QOL, we used the generic Short Form-36 Health Survey (SF-36v2®) [19] [22] and is used in other studies to measure fatigue after kidney donation [2, 11, 14, 23] .
Donor specific questions
The participants also responded to donor specific questions, measuring psychosocial and clinical factors, such as regret of donation (yes/no/do not know), recipient outcome (from much better than expected to much worse than expected), economic problems (from to a great extent to not at all), regular follow-up (from annually to never), recognition from family, friends and health professionals (from to a great extent to not at all), use of analgesics or tranquilizers/ hypnotics (from daily to never) and satisfaction with life before and after donation (from very satisfied to very dissatisfied) [21] .
Demographic variables
Demographic variables included age, gender, marital status, educational level, vocational status and relationship to the recipient.
Statistical analyses
The descriptive data are presented with frequencies and percentages. Due to the skewed distribution of QOL and fatigue, we used the non-parametric independent samples Wilcoxon Mann-Whitney U-test to test for differences in QOL and fatigue between males and females, and elderly and younger donors (<60 years or ≥ 60 years at donation time). To examine factors that may be associated with QOL and fatigue 10 years post-donation we used generalized linear model with gamma family and log link, as default. For regressions where gamma family and log link was not appropriate, we used Poisson with log link or gamma with identity link. Independent variables were recipient outcome, feeling responsibility for recipient's health, recognition from family and friends, and health professionals' , use of analgesics and tranquilizers/hypnotics, and donor's relationship to the recipient. Covariates were recognized demographics, such as age groups, gender, marital status and vocational status. The generalized linear model with Poisson family was used to investigate any association between the abovementioned factors and overall satisfaction with life 10 years after donation. One way ANOVA was used to examine the relationship between feeling responsible for the recipient's health and expectations for the recipient's health. Missing data were treated according to the manual for SF-36v2 ® [24] and for fatigue and donor specific questions treated as missing. A two-tailed p-value less than 0.05 was regarded as statistically significant. All analyses were performed using the statistical package for social sciences version 21 (SPSS Inc. Chicago, IL, USA). Testing for appropriate link function and family for generalized linear regression was done with linktest in STATA 13.1 (StataCorp, College Station, Texas, USA).
Results

Demographics and relationship to the recipient
The response rate was 63 % and median follow-up time was 10 years (range 8.5-12 years). Table 1 shows the characteristics of the donors by age group, older and younger than 70 years at the time of follow-up (60 years at donation). Overall, the mean age of the donors at follow-up was 59.5 years (range 31-91) and 34 (15.7 %) of the donors were 70 years or older. The majority (63.6 %) were females, and the most common relationship to the recipient was sibling (33.2 %) followed by parent (24.4 %). Parents were more represented in the elderly group, and more elderly donors were widowed and retired compared to younger donors. No new information was found about associations between selfreported QOL and fatigue, and the covariates marital status, educational level and vocational status QOL QOL scores evaluated by the SF-36 questionnaire are shown in Table 2 . Females scored significantly lower in the domains RP and RE. There were no differences between donors <70 years or donors ≥70 years of age at follow up.
Fatigue
Results of measures of the different dimensions of fatigue tested with the MFI questionnaire are shown in Table 3 . Females scored significantly higher than males on most scales. No differences in scores between donors < 70 years and ≥ 70 years of age were found.
Donor specific questions
Nearly all LKDs (94 %) would have donated again; only seven (3.2 %) would not. Among those seven, there were donors who perceived that the donation had been harmful to own health, the relationship with the recipient had worsened, or reported the recipient had lost the graft or died. Thirteen LKDs (6 %) believed the donation had been harmful to his or her own health. Sixteen LKDs (7.4 %) reported economic problems related to the donation, nine (4 %) claimed loss of income was the reason, and the donation had caused a change in vocation for 11 donors (5 %). Twenty three LKDs (10.7 %) used tranquilizers/hypnotics and 31 (14.4 %) used analgesics daily or every week. Female donors were more frequent users than male donors; 13.9 % vs. 5.2 % and 19.7 % vs.
5.1 % respectively. More than half of the LKDs (54.4 %) did not see a nephrologist for medical follow-up in the long-term after donation, while 55 (25.3 %) had regular visits every year or every other year. As illustrated in Fig. 2 , LKDs perceived more recognition from family and friends than from healthcare personnel (p < 0.001).
The majority (71.5 %) reported to perceive that the recipient's health was better than or as they had expected. Responsibility for the recipients health was pereceived by nearly half of the donors, 35 % felt some responsibility and 12 % felt a great extent of responsibility for the Pearson's chi square: P-value is between age groups, asymp 2-tailed, *p < 0.05 Educational level comprise 213 donors, 4 unknown recipient's health. There was a relationship between the donor's feeling of responsibility and the perceived health of the recipient at follow-up (p = 0.002). The feeling of responsibility was highest when perceived health of the recipient was much better than expected.
As shown in Table 4 , the donors' perception of recognition from family and friends was associated with the SF-36 dimensions RP, BP, VT and RE. There was no association between recipient outcome or the donor feeling responsible for recipient's health and QOL. Table 5 shows the associations between the dimensions of fatigue and donor specific questions and demographics. There were no associations between donor's self-reported fatigue and responsibility for recipient health, recognition from others, or relationship to recipient at follow-up. As illustrated in Fig. 3 recipient's death was significantly associated with higher scores in the MFI dimensions GF, PF, RA and RM.
Overall satisfaction with life 10 years after donation was positively associated with perceived recognition from health personnel (p < 0.01) and negatively associated with donors being younger than 70 years (p < 0.001).
LKDs who would not have donated again had higher mean scores than the average on all domains of MFI; GF (12.9), PF (13.4), RA (11.4) RM (11.0) and MF (10.4) .
Discussion
This study shows that the donors generally perceive their QOL as good, and also report a low degree of fatigue at 10 years after donation. The results are in line with studies reporting a good QOL in the short-term after transplantation [9, 11, 12] . However, in a follow-up study 10 years after donation Klop et al. reports both excellent health and a deviation from baseline values in several domains of QOL and fatigue [14] . The authors argue that the difference may be explained by an increase in age of 10 years. In the present survey representing a nationwide selection of donors followed according to European recommendations [18, 25] the research design did not allow for baseline data or a control group. However, approximately one third of the participants in this survey also participated in a Norwegian randomized study comparing laparoscopic and open donor nephrectomy [21] . The good health reported in the present study appears to be sustained long-term. Thus our study provides new knowledge about the long-term self-reported health outcomes that may have implications concerning information provided to future donors.
In the present study, a significant finding was the difference between males and females in the MFI for all domains except RA, and in the domains RP and RE in the SF-36. The gender difference in self-reported fatigue in our study differs from the results in a study on fatigue and physical function in mid-life [26] . Boter and colleagues found a strong association between physical function and the subscales in MFI but no gender difference.
However, gender difference in fatigue is inconsistent in previous studies. While a study on the German population demonstrated a significant difference [27] , the gender difference was present but not significant in a Swedish study [28] , and a Danish study showed that while there was no general gender difference there seemed to be an excess of females with high scores [29] . Only few studies [2, 11, 14, 23] have specifically investigated fatigue after live donation, and as far as we know, none have examined the gender difference. Our results indicate that females may experience fatigue after donation. Since the majority of the donors are female it seems important to include information about fatigue in pre-donation information.
Another particular aspect of the present study was the effect of donation on the elderly population because elderly donors are frequently used. We defined an elderly donor as older than 60 years of age at the time of donation (70 years at follow-up) for comparison with previous studies on elderly donors [7, 30] . Even though there has been reported a linear relationship between dimensions of fatigue in MFI and age in a general population [27] , we found no difference in self-reported fatigue between younger and older donors in the long-term. Nor did we find a difference in self-reported QOL. These results are in line with results from short-term observations [7, 30] and confirm the results from the long-term RELIVE study [3] . The elderly donors in our study also scored higher than the elderly participants (more than 70 years) in the Norwegian general population [20] . Although we have to have in mind that the normative data are nearly 20 years old, the long-term self-reported health seems not to be impaired in elderly donors. These results are reassuring for both clinicians and elderly persons considering being a kidney donor.
The large majority of the donors did not regret donation and would be willing to donate again as has been reported in many follow-up studies [11, 12, 31] . However, a small minority would say no if they were asked again, and the higher scores in fatigue in these donors call for attention. Fatigue among donors who regret donation has not been studied before and needs further investigation. We found that some of those who regretted donation had experienced recipient death. Our data also showed an association between fatigue and recipient death. This is in line with previous research which has demonstrated that recipient death can produce a feeling of guilt [32] and influence LKD's well-being [10, 33] . In addition, there were donors who had experienced a negative change in the relationship with the recipient, which may be disappointing. Furthermore, three of those who regretted donation perceived that the donation had been harmful to his or her health. Worrying about own health may have provoked or contributed to the perception of fatigue. The real challenge would be to identify donors at risk for regret during donor work-up. Unfortunately, this aspect could not be addressed in the present study but paying attention to those who donate to a recipient at high-risk may be appropriate. Adverse outcomes for the recipient have also been found to be associated with adverse psychosocial outcomes for LKD in previous studies [10, 32, 33] . However, for the donor population as a whole, the donors in our study did not blame themselves if the result was poor. Nevertheless, recipient outcome better than expected and recipient still alive was associated with a positive emotional outcome and seemed to generate more responsibility among the donors.
Both live and deceased donation is generally acknowledged to be a good deed. Appreciation and recognition of the deed they have accomplished from the social environment in addition to improved recipient health may provide improved self-esteem and personal growth, which again may be associated with QOL and satisfaction with life. Findings from previous studies [32, 34, 35] such as changed roles, improved self-esteem, personal growth, and improved QOL among donors support this conclusion.
While Tong et al. [32] found that donors worry about potential kidney failure, physical well-being and ill health, a minority in our study considered the donation to be harmful to his or her health. The low number of donors who had regular visits to a nephrologist may both reflect that LKDs are healthy persons going through an extensive work-up ahead of the donation and that most recover within the first year post-donation. However, to obtain knowledge about the long-term consequences and ensure quality and safety, regular follow-up is essential [18, 36] . In Norway, which is a fairly small country and has limited mobility within the population, the possibility for medical follow-up for most donors may be better than in vast countries such as the USA [3, 36] . Still, less than half of the donors in the present study had medical follow-up 10 years after donation.
The strength of the present study is the sample size with a fairly high response rate 8-12 years after donation and representation from all parts of Norway [37] . The demographics and characteristics of the non-responders are similar to that of the responders. The data sets also had few missing data. We have used well-established methods previously validated in Norwegian populations. A limitation of cross-sectional follow-up studies is the lack of baseline data and a control group. Consequently, we do not know if there has been a change in self-reported outcomes 8-12 years after donation. Additionally, we do not have any information about the motivations to donate. There might be a recall bias in self-report up to 12 years later. Another limitation in this study is that we did not link our data to a recipient registry. However, we tried to restrict the weakness by questions about donors' expectations and recipient outcome. We have contributed to new knowledge as seen from the donors' perspective which recently was highlighted in the report from Thiessen et al (2015) as essential in the care of LKD.
